Background: Activated leucocyte cell adhesion molecule (ALCAM) has been implicated in tumorigenesis and tumour progression of malignant melanoma and prostate cancer. Aims: To clarify the expression patterns of ALCAM in colon cancer and to correlate these with clinicopathological parameters, including patient survival. Methods: One hundred and eleven colorectal carcinomas were immunostained for ALCAM (clone MOG/ 07) using a standard detection system. Cytoplasmic and membranous immunoreactivity were scored semiquantitatively. Fisher's exact test, x 2 test for trends, Kaplan-Meier analysis, and Cox's regression were applied. Results: In colorectal cancer, 58.6% and 30.6% of cases showed strong cytoplasmic and membranous expression of ALCAM, respectively. No significant correlation with patient age, tumour grade, stage, or nodal status was apparent. In survival analyses, membranous ALCAM expression correlated significantly (Cox's regression, p = 0.028; relative risk, 2.3) with shortened patient survival. Conclusions: ALCAM is frequently upregulated in colorectal cancer and is a new independent prognostic marker, underscoring the importance of ALCAM in tumour progression in this disease.
C
olorectal cancer is the third most common cause of death from cancer in both sexes in the Western world, a high incidence that has remained stable over the past 20 years. 1 Even though this disease is surgically curable in the early stages, the tumour is often not symptomatic until the metastatic stage, which is associated with a high mortality. Therefore, increasing efforts are being made to develop more effective screening and prevention strategies for colorectal cancer and to enhance our ability to predict the disease's course. Currently, the most important conventional prognostic factors for patients' survival are histological tumour grade and tumour stage of disease at the time of diagnosis (pTNM (UICC), Astler-Coller, or Dukes's), including depth of tumour invasion, involvement of regional lymph nodes, and metastatic spread to distant organs. In addition to these clinicopathological parameters, molecular markers are being sought and established for a wide variety of tumours including colon cancer. 2 These new markers are being examined for their diagnostic and prognostic impact, and even therapeutic implications, particularly immunotherapeutic approaches.
''Increasing efforts are being made to develop more effective screening and prevention strategies for colorectal cancer and to enhance our ability to predict the disease's course'' Human cancers often show altered expression of genes associated with cell proliferation and cell cycle control, genetic repair and apoptosis, and finally cell adhesion. 3 The activated leucocyte cell adhesion molecule (ALCAM; CD166) is a cell adhesion molecule that belongs to the immunoglobulin superfamily and is widely expressed in a variety of normal tissues. 4 It functions as a ligand to CD6 and also mediates homophilic (ALCAM-ALCAM) interactions. [5] [6] [7] ALCAM expression correlates with the invasiveness of malignant melanoma and has been proposed as a prognostic marker in this disease. 8 9 Recently, ALCAM overexpression [10] [11] [12] To date, ALCAM expression has not been investigated in colon cancer. We aimed to investigate the expression patterns of ALCAM in colorectal carcinoma and to correlate our findings with clinicopathological parameters, including patient survival times.
MATERIAL AND METHODS

Patients
One hundred and eleven consecutive patients (age, 41-87 years; median, 65; table 1) who were diagnosed with colon cancer at the institute of pathology, Charité University Hospital, Berlin, Germany between 1996 and 1998 took part in our study. Only patients with primary colonic adenocarcinomas and no other known malignancies at the time of diagnosis and during follow up were studied. The histological diagnosis was established on standard haematoxylin and eosin stained sections, according to the guidelines of the World Health Organisation (WHO). Clinical follow up data were available for all patients. The median follow up time was 47 months. In addition, five adenomas of the colon were included in our study.
Immunohistochemistry Formalin fixed, paraffin wax embedded tissue specimens were freshly cut (4 mm). The sections were mounted on superfrost slides (Menzel Gläser, Braunschweig, Germany), dewaxed with xylene, and gradually hydrated. Antigen retrieval was achieved by pressure cooking in 0.01M citrate buffer for five minutes. The primary anti-ALCAM antibody (clone MOG/07; Novocastra, Newcastle upon Tyne, UK) was diluted 1/100 using a background reducing dilution buffer (Dako, Hamburg, Germany). The primary antibody was incubated at room temperature for one hour. Detection was carried out according to the manufacturer's instructions, using a streptavidin-biotin system (LSAB kit; Dako) with alkaline phosphatase as the reporting enzyme. Fast-Red (Sigma-Aldrich, Munich, Germany) served as chromogen. Afterwards, the slides were briefly counterstained with haematoxylin and aqueously mounted.
Immunostaining of tissue slides was independently evaluated by three clinical pathologists who were unaware of patient outcome. Because ALCAM shows cytoplasmic and membranous staining, we scored both types of staining as either positive or negative. More precisely, negative staining was defined by a complete absence of immunoreactivity or, in the case of cytoplasmic expression, by at most a scattered staining pattern, which was not unequivocally positive.
Statistical analysis
The data were compiled with the software package SPSS, version 10.0. Fisher's exact test and the x 2 test for trends were used to assess the significance of associations between the expression of ALCAM and the clinicopathological parameters. Univariate survival analysis was performed according to the Kaplan-Meier method and differences in survival curves were assessed with the log rank test. Multivariate survival analysis was performed on all parameters that were found to be significant on univariate analysis using Cox's regression model. In a visual evaluation of log(2log(survival)) plots no violation of the proportional hazards assumption became apparent. p Values , 0.05 were considered significant. All statistics were accredited by the head biostatistician of the tumour centre, Charité University Hospital (JB), Berlin, Germany.
RESULTS
ALCAM immunohistochemistry
Ganglia of the submucosal and myenteric plexus and nerves stained strongly and served as internal positive controls ( fig 1E) . Stromal expression was seen only in the capillaries. In normal colon mucosa, mature epithelia showed minimal cytoplasmic staining for ALCAM at the base of colonic crypts ( fig 1A) . All five adenomas of the colon showed homogeneous cytoplasmic ALCAM staining, which was stronger than that of adjacent normal mucosa ( fig 1B) . Strong cytoplasmic ALCAM overexpression was seen in 65 of the invasive colon cancer cases (58.6%; fig 1C) and pronounced membranous expression was seen in 34 cases (30.6%; fig 1D) . Membranous ALCAM expression was seen only in tumours that also showed cytoplasmic ALCAM positivity, and was often distributed non-homogeneously throughout the tumour epithelium. In general, ALCAM expression was pronounced at the invasive edges of the tumour (fig 1F) . (table 2) .
Statistical analysis
Patients whose tumours showed cytoplasmic expression of ALCAM did not have a significantly shortened survival time compared with those whose tumours were ALCAM negative (mean 49.6 v 56.2 months; table 2; fig 2A) .
In contrast, patients with membranous ALCAM positivity showed a significantly shortened mean survival time compared with those whose tumours showed no membranous ALCAM expression (43.3 months v 58.7 months; p = 0.01; fig 2B) .
In multivariate survival analysis, membranous ALCAM expression remained a significant prognostic factor (p = 0.03), with a relative risk of 2.3 (95% confidence interval, 1.1 to 5.0). Other independent prognostic factors in multivariate survival analysis were lymph node status, status of distant metastases, and tumour grade (table 3) .
DISCUSSION
ALCAM (CD166) is a 65 kDa cell adhesion molecule of the immunoglobulin superfamily, which is physiologically expressed in activated leucocytes, neural cells, epithelial cells, and haemopoietic progenitor cells. 4-6 13 ALCAM functions as a ligand for CD6 and is thought to be involved in the interaction between thymic epithelial cells and thymocytes. 7 In neoplasia, the expression of ALCAM was first described in malignant melanoma and has been proposed as a marker of disease progression. 8 9 ALCAM is also found in fibrosarcoma cell lines and is associated with chemoresistance. 14 Stamey et al performed a prostate cancer expression profiling study and found that ALCAM was overexpressed in these tumours, 11 a finding that we could confirm in a frozen section based immunohistochemistry study. 12 To date, the expression of ALCAM in colon cancer has not been investigated. In our study, we used a monoclonal antibody that was suitable for use in paraffin wax embedded specimens to examine the expression patterns of ALCAM in colon cancer.
''We hypothesise that the upregulation of ALCAM is an early event in malignant cell transformation in colon carcinogenesis, because it was found in all adenomas of the colon, which are considered to be precursor lesions''
Immunohistochemically, 59% of colon cancers showed upregulation of cytoplasmic ALCAM expression and 31% showed upregulation of membranous ALCAM compared with normal colonic mucosa. In our previous study on prostate cancer, we used a different antibody on frozen sections, but this did not allow a distinction to be made between cytoplasmic and membranous staining. We found focal overexpression of total ALCAM in 81% of prostate cancer cases, with a partial loss of ALCAM expression in high grade tumours. In contrast, we failed to show a significant correlation between ALCAM expression and tumour grade in colon carcinomas. We hypothesise that the upregulation of ALCAM is an early event in malignant cell transformation in colon carcinogenesis, because it was found in all adenomas of the colon, which are considered to be precursor lesions.
In malignant melanoma, ALCAM expression was associated with the vertical growth phase and thus with a more aggressive phenotype. This appears to match our data in colorectal cancer, where we found a significantly shorter survival time in patients whose tumours exhibited membranous ALCAM expression. Importantly, this finding remained significant in Cox's regression model considering all conventional prognostic factors, which suggests that this marker should be investigated further.
We found two types of ALCAM expression in colon carcinomas, cytoplasmic and membranous. The biological relevance of these patterns is largely unclear. Tomita et al examined the expression of ALCAM and a catenin in prostate cancer cell lines and found cytoplasmic staining exclusively in cell lines that had lost a catenin expression. 10 Therefore, they concluded that membranous staining reflected a physiological condition of ALCAM expression. Interestingly, we found that staining for cytoplasmic ALCAM in colon cancer and basal parts of colonic crypts of normal mucosa was almost ubiquitous, whereas strong membranous staining was restricted to a fraction of cancers. Importantly, those patients with strong membranous staining had a significantly shorter survival time, suggesting that membranous ALCAM expression is biologically relevant in these tumours. Therefore, we suggest membranous ALCAM expression as a new prognostic marker gene in colon cancer, although confirmatory studies are required.
In conclusion, we found ALCAM overexpression in the neoplastic colonic epithelia of adenomas and carcinomas. Moreover, membranous ALCAM expression was associated with shortened patient survival times in both univariate and multivariate analyses. Further studies are needed to clarify the biological role of ALCAM in colon cancer. 
